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It has been recognized from very early times that, on most types of land, manures must be applfed if satisfactory agricultural crops are to be grown. We find references to manuring in Chinese, Egyptian, Greek and Roman literature and it is practised by even primitive tribes.
In order to maintain or increase fertility it has been the practice in most parts of the world to return to the soil crop residues, animal manure a-id domestic waste and to rest the land for periods under grass. If production is not too intensive, this system is generally successful provided there is not a natural deficiency of some essential mineral nutrient. Liming has long been practised and in the early part of last century such materials as ground bones and guano were used to a limited extent. About the same time the nitrate of soda deposits of Chile were discovered and ammonium salts began to be produced as by-products of industry but there was very little knowledge either of the needs for these substances or of how they should be used. The Introduction ofFertilizers That was the position when John Bennet Lawes, the young squire of Rothamsted, began the famous experiments which resulted in his taking out a patent in 1842 for the manufacture of a water-soluble phosphatic fertilizer, superphosphate, which gave a quicker and better response than bones. Although Lawes became a chemical manufacturer, his main interest was in agricultural experimentation and, over the next half-century, he and Gilbert laid the foundations of our knowledge of crop nutrition. They studied the manurial requirements of different crops, compared the new fertilizers with farmyard manure and demonstrated that crops could be grown over long periods with fertilizers only without loss of yield. The pioneer work of Lawes and Gilbert has been supplemented and expanded by experiments in most parts of the world and there is now a fairly good understanding of the principles ofmanuring and of the manurial requirements not only of different crops but of different classes of soils.
The introduction of fertilizers came at a most opportune time. Changes in our social and sanitary habits and the very great increase in population not only in this country but throughout the world have raised new problems in food production. With the concentration of population in great cities and with modem systems of sanitation, much of the manurial residue which used to find its way back to the land is now carried as sewage to the sea. Fertilizers have enabled the farmer to make good the losses and also to increase production. They have not superseded farmyard manure which, in addition to its manurial value, has important physical effects on the soil, but they are a source of additional plant food andwithout them the present population of the world could not be fed. The Inadequate Supplies of Organic Manure
The total amount of farmyard manure produced annually in England and Wales is estimated at about 35,000,000 tons which provides little more than a ton per arable acre per annum in eastern England and 2-3 tons in most other parts of the country, apart from intensive dairying districts where it is 5-6 tons. Part of the plant food in farmyard manure is available only over a long period of years and it is difficult to give its exact fertilizer equivalent. From field experiments, however, it has been estimated that in terms of readily available nutrients the farmyard manure made annually in this country provides only about a third of the amount of nitrogen, a quarter of the phosphate and half the potash applied in the form of fertilizers. Before the war we imported large quantities of animal feeding stuffs, the manurial residues of which made a very substantial contribution to the fertility of our soils. This has been reduced to about half and the balance must be made good by fertilizers.
There are other potential sources of organic manures in the form of town refuse, sewage sludge and various other waste materials. Of these, sewage sludges are the most promising but they are of less value than good farmyard manure. As they are bulky, their use is restricted to the areas to which it is economic to transport them and they are of more interest to market gardeners than to farmers.
It is clear that farmyard manure supplemented by all the organic waste materials available cannot provide the necessary nutrients for present-day agriculture in this country and the same is true in the United States. An American Congress Report (No. 3254 Union Calendar No. 1139 , January 1951) on the use of chemicals in food products, states that "The supply of organic matter which could be used for fertilization purposes, however, would furnish only a small fraction of the need for fertilizers now being met by the use of commercial fertilizers". In the same report there is the following statement by Dr. Emil Truog, one of the leading authorities on soil fertility in theUJnited States: "Fortunately this country has large supplies of the raw materials for the manufacture of the needed chemical fertilizers without which a continuing highly productive and prosperous zgriculture would be impossible. The raw materials existing largely as deposits of phosphate rock, potash salts and sulphur, should be conserved as far as possible for posterity by making all possible use of sewage, garbage and other waste materials for fertilizer purposes. However, in this connexion it is important to recognize that, if all of the readily available garbage and organic wastes produced in this country were turned into compost as proposed by the adherents of the organic school, the total production would probably not provide more than 5 to 10% of the fertilizer elements needed to keep our soils in a satisfactory state of production." Fertilizers and Increased Food Prcduction It is, of course, possible to maintain reasonable crop yields for many years without the use of fertilizers by cashing in on the natural fertility of the land and on the residues of previous applications of farmyard manure and fertilizers but this could not be done indefinitely with intensive cropping. It has sometimes been suggested that special crops should be grown for the purpose of making compost but the production, handling and application of farmyard manure as a by-product is not by any means cheap and to set about growing crops for the sole purpose of converting them into manure would be prohibitive in both land and labour. Besides, we must reccgnize that there are many regions where there are actual deficiencies in certain plant foods-natural shortages of phosphate, potash or trace elements-and the dung or compost prepared from such land will have the same deficiencies. The application of fertilizers and trace elements has enabled large areas in many parts of the world, which were formerly waste, to be brought under cultivation.
Much of the increase in food production in Britain during and since the war is the result of using more lime and fertilizers and using them more effectively. Before the war, we were relatively modest users compared with certain European countries with roughly similar climates and systems of farming. Holland used five times, Belgium three times and Germany twice as much fertilizer per arable acre as we did. Since then fertilizer consumption has been practically trebled both in this country and the United States; the arable acreage has at the same time been increased but we are using much more fertilizer than before the war.
Surveys of Fertilizer Practice recently carried out by Rothamsted in conjunction with the National Agricultural Advisory Service indicate, however, that many farmers are still using inadequate amounts and that food production could be substantially increased by using more. The Anti-fertilizer School Attempts have been made to create a controversy over the respective merits of organic manures and fertilizers. The conflict of opinion is, in fact, between those who advocate the proper use of both and a very small minority who oppose the use of fertilizers. Neither farmers nor agricultural scientists decry the value of organic manures nor claim that fertilizers can fulfil all their functions. As well as improving the physical conditions of soils they are a valuable source of nutrients not only to the crops but to the soil oirganisms and they help to retain the nutrients added as fertilizers. The amount of organic manures is, as we have seen, however, quite inadequate for the needs of present-day agriculture. Those opposed to the use of fertilizers allege that they are detrimental to soils, crops, animals and human beings, but most of the ills attributed to them existed before these materials were discovered and are rife where they have never been used. There are several schools of thought, but most of them share the belief that there is some vital principle which must be passed on in the form of plant or animal manure if our crops and even we ourselves are to thrive. This is merely a hypothesis and so far no adequate scientific data have been brought forward to support it. There is, in fact, evidence from hydroponics that crops can be grown satisfactorily in the complete absence of organic matter. There could be no objection, however, to the "vital principle" theory if those who held it did not at the same time condemn fertilizers.
There are various degrees of dislike amongst those who oppose the use of these materials. Some will admit burnt lime or ground rock phosphate as natural manures and others would allow the use of basic sL.g but would refuse to accept superphosphate, sulphate of ammonia and potash salts. Then there are those who not only reject fertilizers but follow rituals recalling the magical practices of the alchemists. It often appears to be a question of dislike to chemicals but such antipathies are a poor basis for a policy of land fertility. Much use is made of such expressions as "the living soil" and biological soil studies are extolled whilst those connected with chemistry are disparaged, but the pioneer work on soil micro-organisms was not done by the anthroposophists but by Robert Warington at Rothamsted between 1877 and 1890.
FertilEze-s and the Soil
Let us examine some of the alleged harmful effects of fertilizers on the soil. It is often stated that those who use fertilizers are exploiting the fertility of their land and using up its organic matter, thereby damaging its physical condition and causing erosion. The reverse is the case. By enabling larger crops to be grown, fertilizers increase the amount of material which can be converted into manure and the greater amount of roots and stubble left by the bigger crops also increases the organic matter in the soil. This has been shown on Broadbalk field at Rothamsted. There is no evidence that erosion is associated with the use of fertilizers. In the Dust Bowl of America the annual consumption of fertilizers was only about cwt. sulphate of ammonia, 15 cwt. superphosphate and 5 cwt. muriate of potash per thousand acres of crop and the erosion was due to too frequent ploughing.
At Rothamsted, where for experimental purposes, soils have received very heavy annual dressings of fertilizers for over a century, good yields have been maintained and the soils are still in excellent condition. Careful investigations have shown that no harm has been done to the bacteria and other micro-organisms. The number of soil organisms can be increased by adding organic matter, but a mere increase in numbers is not necessarily beneficial. Indeed, during the decomposition of organic matter rich in carbohydrates the micro-organisms may make heavy demands on plant nutrients, especially nitrogen, and compete with, and temporarily starve, the crop. It has been claimed that fertilizers reduce the earthworm population but this is not borne out by the work at Rothamsted even on soils which have received long-continued and heavy dressings of fertilizers, provided the soil has not been allowed to become too acid. It is, of course, well known that sulphate of ammonia increases the rate at which lime is leached from the soil and this in time leads to acidity, but it can be readily corrected byliming.
Fertilizers and the Crops
It is recognized that fertilizers must be used properly and in the correct form and amount to suit the needs of the soil and the crop. Most of them provide plant nutrients in a concentrated and rapidly available form and one or more nutrients can be selected at will to meet a special need or make good a deficiency. This flexibility in use renders it easier to make mistakes and an unsuitable balance of nutrients may adversely affect the yield and composition of the crop. Most organic manures on the other hand release their nutrients more slowly and over a long period and their use is relatively safe even in inexperienced hands. They usually contain most of the necessary plant food elements but often in unsuitable proportions for the particular soil or crop and fertilizers have a special value in correcting the balance. Organic manures and fertilizers are complementary and in good farming practice both are employed.
It is sometimes alleged that fertilizers increase the liability of crops to suffer from disease and that they have adverse effects on the composition and food value of the produce. But work at Rothamsted and elsewhere has shown that nitrogenous fertilizers can be used to stimulate crops so that they can withstand attacks of such diseases and pests of cereals as Eye-spot (Cercosporella herpotrichoid?s), Take-all (Oph!oboltis graminis) and wheat bulb fly (Leptghylomyia coa-ctata). Various factors, including manuring, can influence composition but there is no evidence from the Rothamsted experiments that organic manures have any special effect, beneficial or otherwise, compared with properly balanced fertilizers.
It would appear that in America the war has been carried into the other camp and equally sweeping claims made on behalf of fertilizers. A Committee of the House of Representatives has recently reported on the use of fertilizers and the following paragraph sums up the position:
"The unsubstantiated charges that the use of chemical fertiiizers is causing many serious diseases is matched by the equally undemonstrated claims that the employment of chemical fertilizers has resulted in increased longevity and decreased dental caries among other things. The present status of knowledge in this general field calls on the one hand for the curtailment of enthusiasm based on inadequate data or on speculation as to the alleged direct bearing of soil fertility on health. There is a real need on the other hand for carefully controlled long-term studies to determine what relationships, if any, actually exist." Dr. G. C. Ainsworth (University College of the South West, Exeter): The Relationship to the Growth and Health of Plants. Man has always been impressed by catastrophe and it is instructive to trace his changing views on disease in plants. In Biblical times plant disease was attributed to the Almighty, in the Middle Ages the Devil-the evil eye-was held to be responsible, while by the early nineteenth century the weather was being offered as one explanation of the devastating outbreaks of potato blight which caused the Irish famine. It was the widespread interest in potato blight that led an English country clergyman to discover the pathogen and for the next hundred years disease in plants, as in animals, was dominated by the pathogen. Recently, increasing appreciation is being shown of the fact that disease results from the complex interar tion of many factors: the plant, the pathogen, the physical environment, and even the prevailing social and economic systems; an outbreak of disease may be determined by the size of a grower's overdraft at the bank. And the same complex situation determines the health of olants, for disease is only a deviation from the standard which we call health.
In this aiscussion certain selected aspects of the total situation are under consideration, and, in particular, the soil-plant interaction, but even this simplification leaves a very complicated residue, for the soil is a microcosm in which there are many factors interacting with one another and with the growing plant. In spite of centuries of empirical experiments on the cultivation of plants, a hundred years or so of the application of scientific methods to agricultural and horticultural practice, and a few decades of intensive soil microbiology there is still much to learn about the fundamental processes involved. As a botanist and a microbiologist, I shall attempt to indicate the broad pattern of this soil-plant system and how it is affected by the use of organic manures and chemical fertilizers. The Soil-plant Interaction under Natural Conditions Some higher plants are able to dispense with soil and the recent development of "soil-less culture", the large scale adaptation of laboratory water culture techniques, is well known. Many plants can be well-grown by soil-less culture and the method provides a clue which leads a botanist to the permanent natural demonstrations of the origin of a soil provided by coastal sand dunes. There, on the landward side dune, high-tide mark is bare sand which microbiological examination shows to be supporting small numbers of bacteria but no fungi. As the fore dune is ascended marram grass (Ammophila arenaria) typically becomes dominant, microscopic fungi can be demonstrated in the underlying sand which contains fewer bacteria, whilst, in season, the fruit bodies of several species of larger fungi may be observed. As the semi-fixed dune gives way to fixed dune and the vegetation becomes more luxuriant the marram grass grows less and less vigorously and dies out long before the climax grassland, or under acid conditions heathland, is attained, and this in spite of the fact that marram will grow well when planted alone in a garden soil. This series of changes which can be traversed by a few minutes' walk illustrates with the minimum of complication some of the characteristics of soils and their associated vegetation. The main features from the point of view of this discussion are the constant association of a particular plant or plants with a particular type of soil-position on the dune can be ascertained merely by looking at the ground-the increasing diversity and luxuriance of the vegetation and the soil microflora as one proceeds from soils of low to those of high organic content, and the changing relation of the fungi to the higher plants; on the fore dune the fungi are probably mostly, if not all, saprophytic or parasitic while the association (the so-called mycorrhiza) between such plants as ling (Calluna vulgaris) and pine trees and specific fungi on the heathland is mutually obligatory for the development of both partners. The Soil-plant Interaction under Cultivation On cultivated land man grows such crops as he will (or such as experience has taught him can be profitably grown) and he usually grows, not an association of different plants, but extensive pure cultures very different from the natural climax vegetation of the particular region. Further, at intervals he removes the crop. Green plants are not dependent on the soil for their carbon but they are dependent on the soil for their other nutrients. Under natural conditions plants die and decay in situ and so repay their debt to the soil, together with interest in the form of organic matter. Under conditions of continuous cultivation the inevitable depletion of the soil must be made good. In primitive societies and in newly colonized, underpopulated regions the exhausted soil is abandoned, a new site is cultivated and the fertility of the exploited soil is slowly renewed by natural processes. In the more advanced and more densely populated countries this is not possible as there is no longer any virgin soil available. Under these conditions the use of chemical fertilizers is a convenient and satisfactory way of supplying the needed nitrogen, potassium, and phosphorus, that trinity of elements basic for plant growth, if there is a proper understanding of the requirements of the particular crops so that the application of the fertilizers is that appropriate for the rotation.
In addition to elements needed in relatively large amounts there is a series of elements which are essential for the growth of many if not all plants but only in exceedingly small amounts. Here again the use of chemicals is the rational procedure and the application of small quantities of boron, copper, or manganese, for example, may render an unsatisfactory soil fertile.
But an agricultural or horticultural soil has not the simplicity of a controlled and mechanically irrigated sand culture. The organic matter it contains plays a vital role in conserving moisture and in providing a substrate for the growth of micro-organisms which in their turn affect the physical condition of the soil by determining crumb structure and by making available materials which can be utilized by the higher plants. At the same time the microflora competes with the higher plants for nutriment and certain fungi, particularly those which are termed "soil invaders" as opposed to the "soil inhabitants", may cause disease in higher plants while, as already mentioned, another class, the mycorrhizal fungi, set up a symbiotic relationship with higher plants. The practice of combining animal husbandry with arable farming and the use of farmyard manure is the age-old solution to the problem of maintaining both the inorganic and the organic constituents of the soil and the microbial population which is essential for fertility; but the advent of the motor car and the tractor and the vast increase in the scale of farming have rendered this solution inadequate. New sources of organic manures such as composted crop residues and town refuse are having to be explored. It has been suggested to me that in this connexion the possibility should be borne in mind that the nitrogen, potassium, phosphorus and other elements in organic manures may be in a form more acceptable for plant growth than is the chemically equivalent amount in the form of inorganic fertilizers.
Sometimes it is necessary to ensure that the requisite symbiont for a particular plant is introduced into the soil when the plant is grown in a new situation. One of the simplest examples of such a procedure is the method developed at Rothamsted Experimental Station for the inoculation of lucerne seed with the specific strain of nodule-forming bacterium able to fix atmospheric nitrogen. The same problem may also arise in afforestation schemes but usually a sufficient inoculum of the appropriate mycorrhizal fungi is transferred to the new site from the nursery beds of forest soil on the roots of the young plants. The Soil-plant Interaction and the Environment
The summation of the soil-plant interaction is made manifest by the response of the plant to weather and the pathogen. Perhaps the best test of a satisfactory soil is still the production of what an experienced grower recognizes intuitively as a "well-grown plant". A disbalance in the inorganic nutrients in the soil such as too heavy nitrogen manuring of cereals may result in soft growth and in "lodging" of the plants under weather conditions which would not affect correctly manured plants. In the same way soft lush growth may emphasize the effects of infection by a pathogen. There is no evidence that a well-grown susceptible crop plant is able to escape infection when the pathogen is present and the environmental conditions are favourable for its development. For many virus diseases the symptoms are most severe when the plant is growing well. On the other hand, a deficiency of potassium undoubtedly seems to favour the development of chocolate spot in broad beans (caused by the fungus Botrytis cinerea), attacks of which can be reduced in severity by the application of adequate potassium, to cite one example of a response to a chemical fertilizer, while experiments have shown that attacks of potato scab (caused by the actinomycete Streptomyces scabies) can be prevented by green manuring, that is by ploughing in a green crop such as mustard or by the application of grass cuttings. It has been suggested that the beneficial effect in this instance is due to the encouragement of the growth of saprophytic.actinomycetes which compete with the pathogenic forms. Perhaps the production of antibiotics by the saprophytes plays a part. Evidence has been obtained that it is the production of antibiotics by soil penicillia that renders certain Wareham Heath soils unsuitable for the growth of the mycorrhizal fungi necessary for conifers. Antibiotics, or to generalize, antagonisms between micro-organisms, certainly play a part in the adjustments between different components of the soil microflora, and the discovery of the potentially very important use of systemic fungicides and insecticides in the control of diseases and pests suggests that plants may absorb such substances from the soil. Also, plants may obtain from the soil small amounts of vitamins or other complex organic compounds necessary for their complete nutrition.
Dr. D. P. Cuthbertson (Rowett Research Institute, Bucksburn, Aberdeenshire):
The use of fertilizers as an adjunct to organic manures permits replacement of the elements which have been removed in the course of the natural cycle in the farm unit concerned. No amount of composting can return to a farm the products which move out of it in the form of crops and livestock consumed at a distance, e.g. consider the distance involved in the Canadian wheat consumed in this country. The use of natural organic manures alone cannot supply the trace elements which are deficient over considerable areas of the world, for even if transported from non-deficient areas there would not be enough, and it is doubtful if there ever could be enough available for the purpose. I would instance the losses in stock due to deficiencies of copper, cobalt, zinc, iodine and phosphorus throughout the world. It is true to say that Australian agriculture for one would collapse without fertilizers.
We know that the effects of fertilizers on the mineral composition of plants are frequently indirect as well as direct: for example, the depression of the magnesium and calcium content of a crop caused by high dressings of potassium fertilizer. The effect may sometimes be large enough for the crop to suffer magnesium deficiency if growing on a soil rather low in magnesium and it is possible that this in turn may lead to a lower intake of magnesium by the animal, but the requirements of animals for magnesium are low. The tetaxy in cattle associated with hypomagnesxmia is obscure and can occur where the content in the fodder is apparently adequate.
The advocates for organic farrhing as a whole state that the full benefits of composting, the fouryear ley and grazing as fertilizing agents are not achieved by orthodox farming, since the manure from livestock fed on concentrates will be deficient in certain essential minerals. I know of no evidence which permits such a generalization to be made, provided there is intelligent balancing of the fertilizers used along with farmyard manure, and provided the soil is not intrinsically deficient in some minerals and which are not thus made go6d.
As to the protein content of plants it is recognized that any manurial system which alters the proportion of the leafy, to stem and flowering parts of a plant, will affect the ratios of the individual proteins. It may also affect the concentration of free amino acids and non-protein bound amino acids. As the application of nitrogen fertilizers tends to delay the onset of maturity there will be corresponding changes in the proportions of these constituents but there is no evidence of any imbalance of amino acids or adverse effect on proteins arising from the use of fertilizers.
The evidence indicates that such effects of fertilizers on the vitamin content of crops as occur are relatively small and vary with the species of plant. For example, the accumulation of ascorbic acid in plants is characteristic of the species and variety and this genetic stability will outweigh any differences due to climate, soil or fertilization.
In some of the earlier experiments, particularly the oft-quoted experiments of McCarrison which hinted that the nutritional value of wheat and millet grown on land with cow dung and no other fertilizer was better as a source ofB-vitamins, particularly vitamin B1 for pigeons and rats, there appears to have been no replication of the experimental plots and only their mean effects are given. It is thus impossible to evaluate their significance in terms of modem statistical analysis. Subsequent work in India and elsewhere has failed to supply support to this aspect of McCarrison's work. It should be noted that in his 1924 paper McCarrison points out that as the result of financial retrenchments his research had to stop and that though the results are so consistent, he would not desire, in the absence of further work, to assert that they are to be regarded as final. As I have already pointed out, no overall support has been forthcoming from subsequent workers.
Let us turn now to the health records of man and his stock, particularly in those countries where there is a very considerable use made of chemical fertilizers and let us remember that normally man derives his foodstuffs from a variety of sources. It is acknowledged that two of the most sensitive indices of health of man about which there can be no dubiety are the infant mortality rate and the expectation of life. I find no indication that the increased use of chemical fertilizers has affected adversely thegeneral decline in infant mortality or the increase in the expectation of life. For example, the health records of the Netherlands are c rtainly as good as those of France and this is compatible with a sixfold difference in fertilizer usage in favour of the Netherlands. Similarly the health records in the United Kingdom are as good as those of Ireland and this is compatible with a threefold difference in fertilizer usage in favour of the United Kingdom. Taking such criteria as the generally accepted public health standards, we find that the best health conditions which we can observe are compatible with the general consumption of foods grown on chemically manured soil. We are, however, only too conscious that the increase in duration of life is due in part to the control of acute infections by sulphonamides and antibiotics. At the same time we recognize that for the same reason there is an apparent increased incidence of the remaining killing diseases with age. This apparent increase is also due, in part, to improved diagnostic techniques. As each killing diseas-disappears the incidence of the remaining diseases is likely to increase as the continually ageing organism becomes less and less able to combat them. Having stated this, we also recognize that certain degenerative diseases like disease of the coronary arteries which occurs at earlier ages seem definitely on the increase. Why, we do not yet know.
We are not blind to the fact that with the use of chemical fertilizers goes industrial and economic development which in turn go with good sanitary conditions, and a low infant mortality rate and high expectation of life. It is, of course, arguable that the health picture of China and similar countries would be even worse if artificial manures were substituted for the organic manures which they use, all other factors being kept constant. But, since it is impossible in any case to compare countries that differ in almost every detail of diet and hygiene, that refinement of speculation appears profitless.
Turning to farm animals, we note that there has been over the past few years an uneasiness amongst some farmers and veterinary practitioners that some of the so-called metabolic diseases of cattle, e.g. acetonimia, lactation tetany and bloat, and enterotoxaemia in sheep-which appear to them to be on the increase-are associated with the increased production of grass, particularly through the use of chemical fertilizers by keen farmers. It has also been hinted that the farms chiefly afflicted are those with high-yielding herds. But the general improvement in the standard of farming has also made the keen men more disease conscious.
It is obvious that grassland improvement must be assessed by its effect on the grazing animal and that careful pasture and stock management may be necessary to ensure that some of the ill-effects which have been observed are controlled. A search of the literature by Dr. Russell Greig and his colleagues at the Animal Diseases Research Association and the Veterinary Investigation Officers in Scotland has given no definite evidence that the improvement in grassland management has materially affected the health of grazing animals. Unfortunately the literature on the subject deals far too much with nebulous statements and hypotheses that have, so far, no substantiation in accepted scientific fact, and the stockowner is becoming stampeded into thinking that his attempts to run his farm efficiently with an increasing production are having alarming results on his stock. It is suggested that since the major infective scourges of the dairy cow-e.g. contagious abortion, mastitis and even tuberculosis can now be largely rationally controlled, diseases like acetonemia and lactation tetany, which were formerly considered as of relatively minor importance, are now regarded as of relatively major importance. Improved methods of diagnosis and advances in rational treatment have thus made farmers more disease conscious. There are many farms on which improvements in grassland management have been carried out and on which there has been no increase in the incidence of disease of the grazing animals. Finally, in the light of the paucity of exact knowledge at the moment we should give no publicity to any hypothesis or suggestion which would deter the agriculturalist from trying to obtain the maximum yield per acre or from continuing the grassland improvement demanded by the present economic conditions. I would mention that on the farm of the Hannah Dairy Research Institute a considerable scale of fertilizer application has been used, in addition to all the dung produced on the farm and this has, as on most farms, been the practice for many years. Its Director, Dr. J. A. B. Smith, has assured me that he has been unable to note any measurable ill-effect on the soil, the quality of the crops or on the animals themselves.
Study of the causes and control of the spectacular infertility disease which appeared suddenly in Australia in 1941 and seriously affected the sheep-raising industry over 8,000 square miles has progressed. The subterranean clover seriously disturbs the hormone balance of the female and castrated sheep, but not the rams. Although a remedy for sheep affected by the disease is not yet possible or probably cannot even be expected, nevertheless one of the best control measures found to reduce this clover is the use of superphosphate as a fertilizer to stimulate other plants. In conclusion I have found no real grounds for uneasiness but it is always wise to be vigilant and on the first serious suggestion of anything being wrong to investigate thoroughly. At the moment, too many people die through insufficient food: the balanced use of fertilizers could do much to offset this if coupled with good husbandry both plant and animal.
Sir James Scott-Watson (Ministry of Agriculture):
Our present body of knowledge about soil fertility, soil conservation and soil improvement is, in part, the product of farming experience accumulated over a period of some eight thousand years; in part, also, it is the product of scientific investigation during recent times. It is barely a cenitury since the broad principles of plant nutrition were established.
In general, traditional measures for soil conservation and soil amelioration are effective in the area for which they have been devised. But a given system may completely fail when applied under different soil and climatic conditions. For example, the soil types of Western Europe are, by nature, relatively stable, and climatic conditions are not conducive either to wind or water erosion. But the practices of Western Europe, applied in parts of the United States, have resulted in disastrous erosion.
The resistance of farmers to the introduction of new methods-which is, indeed, one of the obstacles to progress-has, upon occasion, proved to be a blessing. Thus, in the early days of soil science there was over-emphasis upon the plant-nutrient aspect of soil fertility. The early Rothamsted work was interpreted by some as implying that the soil could be regarded merely as a reservoir of nitrogen, phosphate, potash, &c., so that, if the farmer would only replace the nutrients removed by his crops, fertility would be maintained. But the matter was not so simple. Soil moisture and soil air, and hence soil structure, are highly important in relation to plant growth; and obviously any system of crop production will fail if the top soil is removed by moving water or by wind.
How far have we progressed in our understanding of the problem? The list of essential plant nutrlents is probably complete; the chemist can produce a solution of pure salts, in distilled water, that will support normal plant growth; and we have no evidence that the plant products, when fed to experimental animals, are in any way deficient in nutrient properties.
It has also been shown how any harmful amount of erosion can be prevented. Partly, this is a matter of land-use planning-allocating land to forest, pasture or tillage according to the degree of stability of the soil. Partly, again, in relation to water erosion, it is a matter of applying such techniques as contour ploughing, broad-base terracing and other mechanical operations. Partly it is a matter of growing "cover crops" in the rainy season, to protect the soil surface from the impact of raindrops; and in part it is a matter of maintaining a soil structure that will enable the rain to run in rather than run off.
As I have said, soil structure is important quite apart from the risk of erosion. Plant growth depends not only on nutrients, but also on a reasonably constant supply of water. Again, root activity demands a supply of oxygen and is inhibited by a relatively low concentration of carbon dioxide. Thus, waterholding capacity must be maintained, and aeration must be provided for. These requirements imply the maintenance of crumb structure-a state in which "mellow" crumbs, which act like little sponges, are separated by small channels through which air can penetrate.
If, then, we have a mild binding agent in the soil, if we carry out our tillage operations when the soil has an appropriate moisture content, and if we so arrange our operations as to allow frost and thaw to play their part, we shall achieve the desired condition.
What binding agent can we use? The natural one consists of the colloidal decomposition products of organic matter. These products are unstable, and hence fairly frequent application of organic materials is required.
What forms of organic matter can we use? There is a considerable choice.
First, there is partially decayed plant material, mixed, in many cases, with animal excreta-farmyard manure, compost, and the like.
Second is undecayed organic matter. But here we must ensure that decomposition will proceed at something like the desired rate. This rate depends, in the main, on the ratio of carbon to nitrogen compounds. Thus, cereal straw decays too slowly; green clover decays, under most conditions, too fast. A predominantly grassy sward decays at a rate which may often be near optimum. Moreover, it appears that living or undecayed grass roots have a specific crumb-forming action.
It has recently been shown that certain synthetic plastics are very effective in stabilizing an existing crumb structure, and some of these materials are already available commercially. The immediate obstacle to their general use is their high cost.
Another fact is that the farmer's problem of securing and maintaining soil structure depends on the nature of the soil minerals. Sand, as is well known, is liable to wind erosion when dry, and has little power of holding water. Clay, on the other hand, has a high content of strongly colloidal material and is therefore very sticky when wet and binds, on drying, into hard clods. Loams and silts, with a mixture of sand, clay and intermediate fractions, present the farmer with an easy problem. In the past, sandy soils have been improved by applying clay and marl. A revival of this old practice may be made possible by the development of mechanical equipment, and the operation has lately been included in the list for which State subsidies are available. In some cases, where sand overlies clay-or vice versait is possible to achieve a great improvement by deep ploughing. Modem power-drawn ploughs can operate to depths of three feet or more.
Sewage sludge, preferably composted with straw, is a useful source of organic matter, and the only obstacle to its wider use is the cost of transport and handling.
More research is required on the use of the ley as a means to the production of a porous structure.
Present indications are that the balance between the grass and clover components is one point of importance, and another may be the management during the last few months before ploughing; the object would seem to be the promotion, at this time, of strong root growth. Probably, too, a good deal more remains to be discovered about green manuring, i.e. the production of a crop to be ploughed in with the sole object of ameliorating soil structure. In general, the legumes would seem to be relatively inefficient for this purpose, since their residues decay too fast. Probably the best known are quick-growing grasses, with very heavy seedings and high applications of fertilizers.
